Generic Eval 



on of Boleum, Euzomodendron, and Vella 

7 7 


(Brassicaceae) 


Suzanne I. Warwick 

Eastern Cereal and Oilseed Research Centre, Agriculture and Agri-Food Canada, Biological 

Resources Program, Central Experimental Farm, Ottawa, Ontario K1A 0C6, Canada 


Ih son A . Al-Shehhaz 

Missouri Botanical Garden, P.O. Box 299, St. Louis, Missouri 63166-0299, U.S.A 


Abstract. Morphological, cvtological, and mo- base resemble that of Vella” and Gomez-Campo 
lecular data support the reduction of Boleum Des- and Tortosa (1974) showed that the cotyledonary 
vaux and Euzomodendron Cosson to synonymy of notch is indistinguishable in the three genera. 
Vella L. The new combination Vella bourgaeana is However, not only did recent lloristic accounts (e.g., 
proposed. A key to the species of Vella is presented. Gomez-Campo, 1993; Lopez-Gonz&lez, 1993; M 


Boleum and Euzomodendron have generally been 
recognized as monotypie Spanish genera, and B. 

rsoon) Desvaux was originally de- 



asperurn 

scribed as Vella as pent Persoori. 
hand, includes five species distributed in Spain, 



cos-Samaniego, 1993; Heywood, 1993) maintain 
the three genera but also placed Euzomodendron 
remotely from Boleum and Vella . These three gen¬ 
era have been maintained historically because of 
on the other the taxonomic value placed on the fruit length, fruit 


dehiscence, and seed wi 



In 


our opinion 


, the 


Morocco, and Algeria. In his comprehensive revi- overwhelming similarities in all other character 
sion of the tribe Brassieeae, Schulz (1923) placed hav<4 been either ignored or given i nsu ffi eien t 

Boleum, Vella, Carrichtera DC., Psychine Desfon- weight . The con nation of the inner filaments into 

taines, Rytidocarpus Cosson las Distomocarpus (). • c i i o i 1 n 

J A v 1 pairs in buzomodendron , Boleum , and Vella is a 

E. Schulz), Schouwia DC., and Suecowia Medikus i m u * r i i i 

, remarkable synapomorphy not found elsewhere in 

in the subtnbe Vellinae, and placed Euzomoden - ,1 . \ o c i 1 / 

iii r* n i the 1 trilie nrassiceae. Several large genera (e.g., 

dron % oavignya DC., and Oudneya H. Brown in the 
subtribe Savignvinae. Sc hulz (1919, 1936) separat¬ 
ed these subtribes primarily on the basis of pres¬ 
ence vs. absence of the median nectar glands and 
seed wing: the Vellinae have the median glands and 
lack the seed wing, whereas the Savignvinae lack 
the median nectar glands and have 1 the seed wing. 

Gomez-Campo (1.978), however, indicated the pres¬ 
ence of vestigial wings in Boleum and Vella and 


Draba L., Arabis L., and Erysimum L.), and even a 
smaller one such as Lobularia Desvaux (4 s 



Bergen, 1987), include taxa with winged or wing¬ 
less seeds, whereas Draba , Rorippa Scopoli. and 
Leavemeorthia Torrey, to name just a few, inc lude 
species with both globose and narrowly oblong to 


pies, s 


see 


Rolli 


suggested that Euzomodendron should be placed 
with these two genera in one group. He also sug¬ 
gested (Gfimez-Campo, 1980) that the Savignyinae 
be united with t lie Vellinae. 


linear fruits dor the many 
1993). Therefore, fruit shape and presence of the 
seed wing often do not warrant the delimitation of 
genera, especially when used alone. 

The similarities between Boleum and Vella are 
even stronger than between these and Euzomoden - 


Except for the shape of the valvular segment and (lnm - T,ie “ raost reliable” characters used to sep- 


the presenc e of a well-developed seed wing, Eu- 


arate the first two are the presence in Boleum of 


zomodendron resembles Vella and Boleum in almost short-pedicellate, indehiscent, sessile fruits, and in 
all other morphological characters, especially the Vella of slightly longer-pedicelled, dehi sc ent, gyn- 


woody habit, connation of inner filaments in pairs. ophorate or sessile fruits (Table 1). These charac- 

and presence of short pedicels, saccate lateral se- ters do not justify die maintenance of these genera, 

pals, long petal claws, dark-veined petal blades. In fact, dehiscent and indehiscent fruits can be 

seedless flattened beaks, strongly 3- or 5-veined found within Tetraeme Bunge, Coronopus Zinn, 

valves, and acutely notched cotyledons (Table 1). Sterigmostemum M. Bicberstein, and Ornithocarpa 

In fact, Gomez-Gampo (1978) indicated that “the Rose (or even on the same plant, as in Diptycho- 

rohust valves [of Euzomodendron] with narrowed carpus strictus (DC.) Trautvetter, Cardamine chert - 
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lalilc I. Comparison ol lioleum, Euzoinodendnm. \elln. ami Currichlera. 


1 haraeter/lrait 

Boleum 

Euzomodendron 

1 el la 

Carrichtera 

( Chromosome no. 

n = 51 

n = 17 

n it. :u 

n — 8, 16 

1 duration 

perennial 

perennial 

perennial 

annual 

Habit 

shruh 

shrub 

shrub 

herb 

Spines 

absent 

absent 

present or absent 

absent 

1 ,eav es 

entire to lew-lobed 

piunaliseel or lew* 

entire. lew-lobed. 

1- or 2-pmnalisecl 



lolied 

or pinnalisect 


Inflorescence 

tnanv -How ere< 1 

'V 

main -flowered 

lew - or mail) -flow - 

manv-llowered 

w 




ered 


f lower pedicel 

0.3—1(—2) mm 

1—3 mm 

0.5—2 mm 

i—3 mm 

Sepals lateral pair 

saeeate 

saeeate 

saccate 

slightly saccate 

Petal length 

1 1 -1(» mm 

16-20 mm 

(8-)10-2< 1 mm 

6-41 mm 

Petal ( law length 

7—1 1 mm 

10-12 mm 

((>- )7-lf> mm 

3—4 mm 

Petal Made color/ 

pale vellow/red- 

eream/v iolet 

v ellow/v iolet or 

pale \ ellow/v iolet 

# 

veins 

dish brown 


brow n 


f ilaments of inner 

united m pairs 

united in pairs 

united in pairs 

free 

stamens 





f ruit gvnophore 

absent 

absent 

absent to 2 mm 

absent 

Fruit dehiscence 

indehiscent 

dehiscent 

dehiscent 

dehiscent 

Valve venation 

3-veined 

3—5-veined 

3-5-veined 

3-veinei 1 

Valve pubescence 

hispid 

glabrous 

hispid to glabrous 

hispid 

Valvular segment 

globose or ellip- 

linear 

globose or ellip- 

ellipsoid 

shape 

suit) 


soul 


Valv ulur segment 

5—1 mm 

20-35 nim 

1—6 mm 

3—4 mm 

leugt li 





l pper segment 

Ungulate 

linear-lanceolate to 

Ungulate, ciim- 

eoehleariform 

shape 


oblong-l riangu* 

form, or eoeh- 




lar 

leariform 


l * pper segment 

1—7 mm 

(3—)5—9(—1 1) mm 

1—12(15) mm 

4-4) mm 

length 





Sect Is per locule 

i 

(>-8 

1 (or 2 1 

2 or 3 

Seed wing 

vestigial 

well developed 

vestigial 

absent 

(-ol v let Ions 

aeulely notched 

w 

acutely notched 

acntelv notched 

* 

acutely notched 

9 

1 hslri billion 

\K Spain (4 prov- 

SK Spain (Almeriu 

Spain, Morocco, 

SW Asia E to Iran 


inces) 

IVov.) 

V Igeriu 

and Mediterra- 


nean 


opodiifolia Persoon, and several species of Aethi- po and V mairei Humbert than the latter two were 
onerna R. Brown). Similarly, long-gynophorate or to V.' spinosa Boissier and V pseudocytisus L. 

sessile fruits ran be found in many genera, inciud- Boleum (n — 51), Vella (n — 17, 34), and fin¬ 


ing Hrassica L., Rom a rise h ul zia 0. E. Schulz, The- zonwdendron (n — 17) share the same base chro- 


ly podium Endlicher, and Lunaria L. (Rollins, 1 mosome number ol x 


17, which is essentially 


Ball, 1993). Therefore, the characters used to unique in the tribe Brassiceae, with Boleum asper- 

distinguish Boleum from Vella are insufficient to um representing a hexaploid derivative ol this com* 

maintain the two genera, and we believe that the plex (Gomez-Garnpo, 1981; Gomez-Campo & H in- 

two, along with Euzomodendron , form a well-de- ata, 1980; Warwick & Anderson, 1993). The only 


lined natural group. 


exception is Brassica carinata A. Braun (n 


17), 


Results from a numerical study based on 32 mor- the classical allotetraploid species derived from B. 

phometric characters (Gomez-Campo, 1981) did not oleracea L. (n = 9) and B. nigra (L.) W. D. J. Koch 

{n = f ! . 

Boleum is restricted to northeastern Spain 
leum asperum clustered within Vella and was closer (Huesea, Lerida, Teruel, and Zaragoza provinces), 

to V. anremerira (latardiere & Main*) Gomez-Cam- whereas Euzomodendron is endemic to Almerfa 


support the separation ol Boleum from Vella (Eu 
zomodendron was not included in the study). Bo 
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province in southeastern Spain. In contrast, the of Boleum in Vella . Similarly, both molecular data 

range of Vella occupies the area between the ranges sets (Warwick & Black, 1994; Crespo et al., 1998) 

of Boleum and Euzomodendron and extends south- support the inclusion of Euzomodendron within to¬ 
ward into Morocco and adjacent Algeria. This com- la . The basal position of Euzomodendron in the 

plex occupies a distinct geographical area delim- combined morphological and molecular analysis of 

ited by eastern and southern Spain into Crespo et al. (1998) is consistent with its more 

"primitive elongated fruits." However, we Iiclieve 


northwestern Alriea. On the other hand, the single 

species of Garrichtera , C. annua (L.) DC., is a that the elongated vs. short fruits and wcll-devel- 
widespread cireum-Mediterranean annual weed oped vs. vestigial seed wing do not justify the rec- 


that extends eastward into Iran (Crespo, 1992; Go- ognition ol Euzomodendron as a distinct genus. The 
mez-Campo, 1993; Greutcr et al., 1986; Lopez- unique chromosome number U = 17) and connate 
Gonzalez, 1993; Maire, 1967; Mareos-Samaniego. filaments, which are restieted in the tribe Brassi- 


1993; Warwick & Francis, 1994). 


ceae to the Boleum—Euzomodendron 



a com- 


Recent molecular studies ol the chloroplast DNA plex, as well as tin* numerous similarities in mor- 

restrietion site variation of the three genera (War- phologv and geographic distribution, clearly are in 

wick & Black, 1994) also support the congeneric full agreement with molecular data that the coin- 

status of Boleum , Euzomodendron , and Vella . In plex forms a well-defined genus, 

their strict consensus tree, V spinosa , B. asperum , The morphological, geographical, cytological, 

E. bourgaeanum , and Veil a anremerica formed a and molecular data are consistent with the recog- 

well-supported chide that was observed in all 28 nition of Carrichtera as a separate genus from Vella 

most parsimonious trees and 100% of the boot- (including Boleum and Euzomodendron). It resem- 

strapping replicates. They showed that the latter bles most taxa of Vella in having a cochleariform 

clade was defined by 21 steps, compared, for ex- upper fruit segment, strongly veined valves, colored 

ample, to two steps for Moricandia and eight steps petal veins, dehiscent ell.j )soid valvular lruit seg- 

for Zilla. Carrichtera annua consistently formed a ments, and short pedicels. However, Garrichtera 

sister clade to the above four species in all the differs in being an annual herb with free inner fil- 


analyscs. Within the Vella—Boleum—Euzomoden- aments, and much shorter (3—1 vs. 7—15 mm) petal 
dron clade, V anremerica was plac ed as the sister claws. The distinct generic status of Carrichtera is 
group to the clade containing Vella spinosa , Bo - also supported by differences in chloroplast DNA 
leurn and Euzomodendron in 21 of the 28 equally restriction site data (Warwick & Black. 1994), ITS 



. anc 


I chr 


oiiio- 


most parsimonious trees, whereas Boleum formed sequence data (Crespo et al., 
the sister c lade in the seven remaining trees. In all some numbers (Grtmez-Campo & Hinata, 1980; 
the* trees, however, the sister taxon to Euzomoden - Warwick & Anderson, 1993). 


dron was a species of Vella . These data show that The limits of Vella art 1 expanded here to include 
both Boleum and Euzomodendron are nested within both Boleum and Euzomodendron . The combined 
Vella. Similar results by Crespo et al. (1998), which genus consists of seven species, and names for all 


are based on sequence data from the internal tran- except one are available in Vella. 
sc ribed spacer region (ITS) o) rl)!\A, indicate that 


both Boleum and Euzomodendron fall within Vella, Vella l Sp. PI. 2: 641. 1753. TYPE: Vella pseu- 

with C drrichtera forming the sister clade. I liese doertisus L 

molecular studies on totally different genomes pro¬ 
vide convincing evidence that supports tin* redue- Boleum Desvaux, J. Hot. 3: 163. 1815. Syn. nov. T\ PE: 

Boleum asperum (Persoon Desvaux. 

Euzomodendron Cosson, Notes PI. Oil. 144. 1852. Syn. 
nov. TYPE: Euzomodendron bourgaeanum Cosson. 

Shrubs to 1 rn tall, spiny or unarmed, sparsely 


tion of Boleum and Euzomodendron to svnonvmv ol 

/ wf W 

the earlier published Vella. 

Crespo et al.’s (1998) analysis of 23 morpholog¬ 
ical characters separately and in combination with 
the ITS data were consistent with the placement of to densely hairy to setose. Leaves entire to pinnat- 

Boleum with Vella. The combined analysis, how- isect, sessile to short petiolate. Inflorescences 


ever, showed Euzomodendrom as a sister (basal) ebracteate, few- to many-flowered racemes; flower- 

w 

clade to that containing Boleum and the five Vella ing pedicels obsolete to short, rarelv to 3 mm in 

species (100% boot-strapping replicates), with Car- fruit. Sepals erect, lateral pair saccate at base. Pet- 

richtera burning the sister clade to the above group. als yellow, pale yellow, or cream, with reddish 

Both molecular (Warwick & Black, 1994; Crespo et brown or violet veins; claw slender, much longer 

al., 1998) and morphological studies (G6mez-Cam- than sepals. Stamens tetradynamous; inner fila- 
po, 1981; Crespo et al., 1998) support the inclusion ments united in pairs. Lateral nectar glands 2- 
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a 


IoIhmI to prismatic or srmi-annular; median glands 
present or absent. Style as long as ovary or shorter; 
stigma capitate. Fruits 2-segmented, sessile or on 
a gynophore to 2 mm; valvular segment globose to 
ellipsoid or linear-lanceolate, 1—8-seeded per loc¬ 
ale, dehiscent or rarely indehiscent; valves strongly 
3- or 5-veined, liispid to setilorm or rare 1 v glabrous; 

septum complete: upper segment Ungulate t <> eii- 
sifonn or cochleariform, Seedless. Seeds with a ves¬ 
tigial wing, rarely winged all around; cotyledons 
oonduplicate. Chromosome number: x = 17. 


I a 


ll> 


Plants spiny, inflorescences lew-flowered. 

2a. Kmits hairs, upper segmenl 12-15 mm long; 

leaves usually pinnatisect or several- lobcd, 

apex obtuse .. V. mairei Humbert 

2b. Fruits glabrous, upper segment (>—7 mm 
long; leavers usuall\ entire, rarelv I- or 2- 

lobed, a|>e\ acute.V, spinosa Boissicr 

Plants not spiny, inflorescences manv-flowered. 

3a. Valvular fruit segment linear-lanceolate. 20— 

35 mm Iona; seeds distinctly winded - 



around . . . V. bourgaeana (Cosson) Warwick vK 

A l-Sliehba/ 

3b. Yulvul ar fruit segment globose or ellipsoid. 

3—6 mm long; seeds w 

4a. Leaf apex obtuse to rounded; upper (nut 



a Vestigu 


wing. 


segment cochleariform 


V. pseudoeytisus L. 


Ik leaf apex acute to acuminate; upper 


fruit segment Ungulate. 


5a. Leaves and sepals appressed hairy; 
plants of Morocco. 


* 4 


l. anremertea (Litardifere & Viairc) 


5I». 


(iomez-Campo 
Leave's and sepals spreading hair\ 
or setose; plants of Spain. 

(la. I-eaves linear, to 2 mm wide, 
entire; fruit on a gynophore ea. 
I mm long, lower segment de¬ 
hiscent .. . . . 


• * # 


L lucentina M. B. Crespo 


Oh. Leaves linear lanceolate. 2— L5 
mm wide usually with I or 2 

w 

pairs of lateral lobes. randy en- 
lire; fruit sessile*, lower 
ment indehiscent . 


seiT- 

' h 


4 4 


* 4 • • 


« • 


V. ospera Persoon 



Vella bourgaeana (Cosson) Warwick & 

baz, comb. uov. Basionym: Euzomodendron 

w 

bourgaeanum Cosson, Notes PL Grit. 145. 
1852. TYPE: Spain. “In calcarcis salsuginosis 
Hispaniae orientalis australioris, in ditione AI- 
meriensi ad basim montis Sierra dc Gador in¬ 


ter oppida Santa Fe ct Huesica," 6 June 1851, 
E. fiourgeau 1055 (holotype, Pi. 




1 are* grateful to Oliver 

Appel for providing information oil various genera 
and to Gerald A. Mulligan, Lynn Black, and Ardath 
Francis for the*ir comments on the manuscript. 
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